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(57) Abstract: A power supply analyser is designed to 
test a multiple-output power supply, such as those which 
power automatic teller machines (ATM's). A set of vari- 
able loads are provided for each output of the power sup- 
ply, with current and voltage sensors for monitoring the 
performance of the power supply when supplying the 
loads, A control circuit varies the magnitude of each 
load according to a predetermined scheme, increasing 
the loads from light to heavy, while a monitoring circuit 
monitors the outputs of the current and voltage sensors 
and assesses the performance of the power supply. 



BNSDCC1D: <WO. 



.0153645AI j_-> 



WO 01/53846 Al I Ellfl IKIIHI If Ilfil [III 1 11 IK inn lilll iiru Hill ID! DIIIII [III 



IT, LU, MC, NLm PT, SE, TO), OAPI patent (BF t BJ, CF T 
CG, CI, CM, GA, GN r GW T ML T MR, NB, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



For two-letter codes and otlier abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin* 
ning of each regular issue of the PCX Gazette. 



GMSDCCiD: *WO_ 



t Cn5SB^6AT J_> 



WO 01/53846 



PCT/IB01/00080 



. 1 . 



POWER SUPPLY ANALYSER 



BACKGROUND OF THE INVENTION 

THIS invention relates to a power supply analyser which can be used to 
monitor the performance of electronic power supplies. 

Sophisticated electronic and electromechanical equipment may have multiple 
power supplies which* operate at different output voltages for operating the 
various electronic and electromechanical circuits of the equipment 

Traditionary, each output of the power supply is checked by measuring its 
output voltage, preferably in situ. Apart from being somewhat time consuming, 
such measurements provide relatively little information. 

It is an object of the invention to provide a power supply analyser which 
automatically tests multiple outputs of a power supply . 
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SUMMARY OF THE INVENTION 

According to the invention a power supply analyser comprises: 

a plurality of variable loads connectable to respective ones of a plurality 
of outputs of a multiple-output power supply; 

at least one current sensor arranged to measure the current in each 
load and to generate respective current signals corresponding to the 
measured currents; 

at least one voltage sensor arranged to measure the output voltage at 
each output and to generate respective voltage signals corresponding 
to the measured voltages; 

a control circuit arranged to vary the magnitude of each load according 
to predetermined criteria; and 

a monitoring circuit responsive to the current and voltage signals to 
monitor the behaviour of the power supply while each output thereof is 
subjected to a varying toad. 

The control circuit is preferably a microprocessor based circuit arranged to 
select one of a plurality of different loads for connection to each output. 

For example, a light, medium and heavy load may be provided for each output 
the actual magnitude of each load being related to the load rating of the 
respective output. 

The variable loads may be supplied in the form of one or more load modules 
which are removably connectable to the analyser. 
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Preferably, the control circuit is arranged to apply lighter loads to each output 
before applying heavier loads thereto. 

The control circuit may further be arranged to apply loads to respective outputs 
individually, before applying ioads to a plurality of outputs simultaneously. 

The monitoring circuit preferably includes at least one analogue to digital 
converter, and a software-controlled processor arranged to compare output 
waveforms of each output with stored reference values or waveforms. 

The monitoring circuit may further be arranged to store data from each 
measurement cycle for comparison with subsequent measurements. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 



is a schematic block diagram of a power supply analyser 
according to the invention; 



Figure 2 



Is a schematic diagram illustrating the functions carried out by 
the analyser of Figure 1; 



Figure 3 



is a simplified flowchart illustrating the main functions of the 
analyser; and 



Figure 4 



is a simplified schematic block diagram of the load control 
scheme of the analyser. 
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DESCRIPTION OF AN EMBODIMENT 

Figure 1 shows the main electronic components of a power supply analyser 
according to the invention. The analyser is based on a microprocessor 10 
which includes a main processor or CPU 12, read only memory (ROM) 14 and 
random access memory (RAM) 16 as well as a power-up reset circuit 18. 
Associated with the microprocessor 10 are a twenty character by four line 
liquid crystal display (LCD) module 20, an RS232 communications interface 
22, an optional printer 24, optional external RAM 26, and a port expander 
interface 28. 

Connected to the microprocessor 10 via the port expander interface 28 are 
three load control circuits 30, 32 and 34, which are arranged to control a set of 
variable light, medium and heavy loads 36, 38 and 40, respectively. 
Associated with each control circuit 30, 32 and 34 is an illuminated load 
indicator 42, 44 or 48. The indicators include green, orange and red LED's 
respectively, to indicate to an operator that a light, medium or heavy load has 
been selected, 

A typical power supply intended to be monitored by the power supply analyser 
has six separate outputs, so that the analyser has a set of six current inputs 48 
and six voitage inputs 50 for monitoring the current and output voltage of each 
output Each current 'input is measured by a differential current conversion 
interface 52, while each voltage input is measured by a radiometric voltage 
conversion interface 54. The outputs of the respective interfaces 52 and 54 
are fed to calibration circuits 56 and 58, the outputs of which are fed to a 
sixteen channel analogue to digital converter 60. A sample rate clock 
generator 64 determines the sampling rate of the analogue to digital converter. 

The digital output of the analogue to digital converter 60 is fed to a binary to 
binary coded decimal (BCD) converter 62, the outputs of which is fed to the 
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microprocessor 10 via the port expander interface 28. Thus, the 
microprocessor is fed with the measured current and voltage output values for 
each output of the power supply simultaneously. 

As best seen in Figure 4, an output 66 of a power supply under test has its 
output current and voltage measured by the respective current and voltage 
conversion interfaces 52 and 54. The tight, medium and heavy loads 36, 38 
and 40 are controlled by relay switches 68 and 70 (the light load 36 is 
connected directly to the power supply output and therefore does not have its 
own switch). The reiay switches 68 and 70 are controlled via an 8 bit bus 52, 
by the microprocessor 10. The data output from the current and voltage 
conversion interfaces 52 and 54 is fed back to the microprocessor (after A to D 
conversion and binary to BCD conversion) via an 8 or 12 bit data bus 74. 

The operation of the power supply analyser is shown graphically in the 
flowchart of Figure 3. 

The operation of the analyser can be summarised as follows. Firstly, a 
relatively light load is applied to each individual power supply output Each 
output is monitored by comparing the output waveform with a stored reference 
waveform (or one or more reference values) for deviations from the expected 
performance. Assuming that the monitored performance is within an 
acceptable range, the load on each output is increased and the process 
repeated until the maximum load for each output is reached. 

The data from the above procedure is output to a PC 66 via the RS232 
interface 22 which is used to generate graphs or other graphic displays of the 
output waveforms for comparison and analysis. Apart from this, the monitored 
values for output current and voltage are displayed on the LCD module 20. In 
the case where a PC 66 is not available, the data from a set of measurements 
can be stored in the RAM 16 or 28 for later downloading. 
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Because the connection of the toads to the power supply under test is 
controlled by the microprocessor 10, the load switching scheme can be 
changed by the user as required. In the prototype system, the software for the 
microprocessor was written so that the analyser operates in the sequence set 
out below. 

The analyser starts by applying one light load on a first supply rail (say, the -5V 
output). Current and voltage measurements are taken. The. !oad is then 
removed and applied to the next supply rail (say, +5V) and measurements are 
taken again. Next, two light loads are applied, one to the -5V rail and one to 
the +5V rail and measurements are again taken. In the next step, both loads 
are removed and a light load is applied to the next supply rail (say, -12V) and 
measurements are taken. The procedure for the -SV and +5V rails is then 
repeated, at the end of which three ioads are applied to the three outputs (ie. - 
5V r +5V and -12V). All the loads are removed and the sequence is repeated 
for the fourth output (say, the +12V rail). And the process is repeated until all 
supply rails have been tested in combination and individually. 

In an average power suppiy having six different voltage rails, this will resuW in 
sixty three different loading conditions for each type of load. The time for 
which each load is connected is software controlled and can be set by the 
user. 

It will be appreciated that the loads can be purely resistive, or can combine 
resistive, capacitive and/or inductive components. Technically, the loads will 
comprise series resistors of a value less than 0.1 Q. 

The power supply analyser can be built as a portable unit for use in the field, or 
can, for example, be combined with an adapter which allows it to be connected 
sequentially to a number of power supplies, typically for production testing. 
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Power supplies under test do not have to be the same make or model as long 
as the necessary connections are available. 

In the prototype system, the power supply analyser was able to take over 
eighteen thousand samples simultaneously in just under one hour. Multiplied 
by the number of loading conditions that can be applied, a large amount of 
data can be obtained from the power supply under test 

In order to compare the "electronic signatures" obtained from a power supply, 
graphs are plotted for the six different measured voltages and currents for 
each power supply output. Corresponding graphs can also be plotted for the 
input AC current and voltage. Input and output power can then also be 
calculated over a period of time, allowing the efficiency of the power supply to 
be determined and compared with a reference value. 

For a given power supply, the user enters 24 different threshold levels, which 
can be obtained from the power supply manufacturer or determined 
empirically. After a test routine, the following data will typically be provided to 
the user: 

Vaverage = xx ( for 6 readings ) 
Vpeak ~ xx ( for 6 readings ) 
Vmin = xx ( for 6 readings ) 
Vrnax = xx { for 6 readings ) 
iave - xx ( for 6 readings ) 
I peak ~ xx ( for 6 readings ) 
Imin = xx { for 6 readings ) 
jmax - xx ( for six readings ) 
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Number of times upper threshold level was exceeded = xx ( for 12 
readings } 

Number of times lower threshold level was exceeded = xx ( for 12 

readings ) 

Ave power out ~ xx 

Ave power in = xx 

Efficiency ~ xx 

It will be appreciated that the abovementioned list of output figures will provide 
about 75 figures to the user, which a skilled user can interpret relatively easily. 
The data for each power supply tested is stored and aliows the user to build up 
a data base for comparison in future tests. 

It will be appreciated that the exact parameters tested can be varied, as can 
the number of measurements, the number and nature of the variable loads, 
and so on. 
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CLAIMS 

1 . A power supply analyser comprising: 

a plurality of variable loads connectable to respective ones of a 
plurality of outputs of a multiple-output power supply; 

at least one current sensor arranged to measure the current in 
each load and to generate respective current signals 
corresponding to the measured currents; 

at least one voltage sensor arranged to measure the output 
voltage at each output and to generate respective voltage 
signals corresponding to the measured voltages; 

a control circuit arranged to vary the magnitude of each load 
according to predetermined criteria; and 

a monitoring circuit responsive to the current and voltage 
signals to monitor the behaviour of the power supply while each 
output thereof is subjected to a varying load. 

2. A power supply analyser according to claim 1 wherein the control circuit 
is a microprocessor based circuit arranged to select one of a plurality of 
different loads for connection to each output 

3. A power supply analyser according to claim 2 wherein a light load, a 
medium load and a heavy load are provided for each output, the actual 
magnitude of each load being related to the load rating of the 
respective output. 
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4. A power supply analyser according to any one of claims 1 to 3 wherein 
the variable loads iake the form of at least one load module which is 
removably connectable to the analyser 

5. A power supply analyser according to any one of claims 1 to 4 wherein 
the control circuit is arranged to apply lighter ioads to each output 
before applying heavier loads thereto. 

6. A power suppiy analyser according to claim 5 wherein the. control circuit 
is further arranged to apply loads to respective outputs individually, 
before applying loads to a plurality of outputs simultaneously. 

7. A power supply analyser according to any one of claims. 1 to 6 wherein 
the monitoring circuit includes at least one analogue to digital converter, 
and a software-controlled processor arranged to compare output 
waveforms of each output with stored reference values or waveforms. 

8. A power supply analyser according to claim 7 wherein the monitoring 
circuit is arranged to store data from each measurement cycle for 
comparison with subsequent measurements. 
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Startup internal software 



No 



Establish RS232 communication 



Yes 



Unit operates as standalone device 



initialize LCD display 



initialize LCD module 

l 



Initialize analog to digital converter 
(12 channels) 



Initialize analog to digital 
converter { 12 channels} 



Initialize the loading circuit 
(18 variable loads ) 



Initialize ioad indicators 



Sample six voltage measurements 
{-5V t +5V,~12V+12V,+24V,+28V) 
Simultaneous and continuous 



User selects a psu signature 
from a database that as been 
teamed by the analyzer, or connect 
a new psu to learn. 



Sample six current measurements 
(for the six supply lines ) 
Simultaneous and continuous 



Store measurements in ram for 
download purposes later on. 
this is a optional feature 



Analyzer starts loading sequence 
(light toads first varying one per supply line, then 
caries on with medium loads and heavy loads) 
This is software controlled while measurements 
are taken and recorded under different loading 
conditions.) Load switching is designed for minimum 
loading, leading to failure preventing damage to PCB 



Display all 12 measurements 
on the led screen 



Sample six voltage measurements and 
Sample six current measurements 
( Simultaneous and continuous ) 



SmaH printout on portable printer 
(optional) 



Display all readings on the LCD module 



Let user know if these measured 
values are correct or incorrect 



Download ail measurements via RS232 
to the application software on the PC 
{ This is done in real time, sample rate can 
be varied- by the user ) 



PC software compares data to psu 
already in database, or creates new database 



Jl 



PC software looks for spikes, dips, ripples, 
Supply voltages, supply currents, effeciency 
power out, and other irregularities.. 
Ail these settings can be user defined. 
{ the user states what he or she finds exceptable ) 



PC software lets user know 
if the power supply passed or failed. 
(Why it failed, when it failed, on what line it failed 



PC software monitor over 
current and over voltage protection circuitry 
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